In several regions of the world, interannual variations in precipitation and stream flows are related to ocean-atmosphere oscillation known as El Niño Southern Oscillation (ENSO) in the Pacific Ocean. El Niño events, which occur after every 2 to 10 years, are caused by high sea surface temperature and a low Southern Oscillation Index. La Niña events are caused by low sea surface temperature and a high Southern Oscillation Index. Because ENSO events can be accurately predicted in advance using a physical model of the coupled ocean-atmosphere system, it is now feasible to incorporate ENSO predictions in real-time water resources management. The objective of this study was to establish the relationship between ENSO and precipitation, ENSO and temperature, and ENSO and stream flows, and then use these relationships to develop a surface water withdrawal prescription for cropland irrigation in a southwest Alabama, United States, watershed. An additional objective was to determine the percentage of the watershed that could be irrigated through ENSO-based, ecologically sustainable surface water withdrawal. The study was conducted in the Big Creek watershed located in Mobile County, Alabama, using the Soil and Water Assessment Tool (SWAT) model for simulating stream flows and developing surface water withdrawal prescriptions. Strong relationships were found between ENSO and precipitation, ENSO and temperature, and ENSO and stream flow in this watershed. From November to July, El Niño episodes generated higher precipitation than La Niña episodes. On the contrary, in September and October, La Niña episodes resulted in higher precipitation than El Niño episodes. Results suggest that El Niño episodes produced higher stream flows during November to August than La Niña episodes. Water withdrawal followed the same trend as the stream flow did. On an average, it was found that around 20% of the watershed can be irrigated through ENSObased, ecologically sustainable surface water withdrawal.
The ability to reliably forecast seasonal temperature, precipitation, and stream flow based on oceanic and atmospheric phenomena has intrigued climatologists, meteorologists, and hydrologists for some time. Among the phenomena that cause seasonal to interannual climate variability and thus affect precipitation, temperature, and stream flows, El Niño Southern Oscillation (ENSO) is considered among the primary ones (Ropelewski and Halpert 1987) .
Southern Oscillation, which is the primary phenomenon causing ENSO, is the exchange of pressures between west and east of the Pacific Ocean and is one of the most notable signals causing interannual climatic variation. Normally, the trade winds blow from the eastern to the western Pacific (easterlies) because of the differences in atmospheric pressures. This wind tends to move water westward along the equator and maintains a buildup of warm surface water, thus creating a higher sea level elevation in the western Pacific. When the Southern Oscillation index (difference in the normalized, sea level atmospheric pressure between Tahiti, Society Island and Darwin, Australia) drops dramatically to a negative value, eastern Pacific atmospheric pressure decreases, and the trade winds usually become weak (or become westerlies). Then, a warm subsurface wave of water creates a pool of warm water in the Pacific Ocean near the coast of South America, where ocean temperatures are normally cold due to upwelling. This results in falling of the thermocline along the eastern Pacific Ocean near the Equator. This is the signal of the development of an El Niño event. On the other hand, if La Niña happens, warm water gathers near the western Pacific Ocean, and there the thermocline starts to fall; simultaneous rise of the thermocline happens in the eastern Pacific Ocean near the Equator. On average, an El Niño or La Niña event occurs approximately once after every four years; however, the time interval between two successive events varies from 2 to 10 years (Kahya and Dracup 1993) .
Global-scale investigations (e.g., Halpert 1987, 1989; Kiladis and Diaz 1989) to regional-scale studies in both the tropics (e.g., McBride and Nicholls 1983; Khandekar and Neralla 1984; Roger 1988) and extratropics (e.g., Yarnal and Diaz 1986; Bunkers et al. 1996; Shabbar and Khandekar 1996) have been done on the relationship between ENSO and various variables important for water resources management. Many researchers have found significant correlations between indices of ENSO and precipitation at several individual rain-gage stations around the globe (see, for example, Stoeckenius 1981; Rasmusson and Carpenter 1983; Kousky et al. 1984; Ropelewski and Halpert 1986) . Relationships between stream flows and ENSO have also been studied for a number of rivers (e.g., Amarasekera et al. 1997; Zubair 2003; Fu et al. 2007 ).
It has also become possible to forecast ENSO in advance (Cane and Zebiak 1985) . Some dynamical models, such as the National Aeronautics and Space Administration's Global Modeling and Assimilation Office, the National Oceanic and Atmospheric Agency's (NOAA) National Center for Environment Prediction's Coupled Climate Forecast System, the Japan Meteorological Agency, the Center for Ocean-Land-Atmosphere Studies' Anomaly Coupled Model, and statistical models, such as the NOAA's Climate Prediction Center's (NOAA CPC) Markov Model, the Climate Diagnostics Center's Linear Inverse Model, and Colorado State University's Climatology Persistence can forecast ENSO several months in advance (The International Research Institute for Climate and Society 2011). Therefore, any linkage between ENSO, precipitation, temperature, and stream flow can be used for improved management of water resources in regions where interannual climate is affected by ENSO. For example, in many parts of the world, surface water withdrawal from streams and rivers is used for irrigation of croplands and for industrial purposes. For ecological sustainability of streams and rivers, it is important that water withdrawal is done in such a way that it reduces environmental impacts. One approach to reducing these impacts is to tailor water withdrawal based on ENSO forecasts.
Therefore, the objective of this paper was to quantify the respective relationships between ENSO and precipitation, temperature, and stream flows, and then use these relationships to develop a surface water withdrawal prescription for cropland irrigation in a southwest Alabama, United States, watershed. An additional objective was to determine the percentage of the watershed that could be irrigated through ENSObased, ecologically sustainable surface water withdrawal. A similar approach can be used for sustainable water withdrawal to benefit other needs, such as municipal water supply and industrial uses.
Materials and Methods
Study Area. The Big Creek watershed, which encompasses an area of approximately 8,158 ha (about 31.5 mi 2 ) in Mobile County in southwest Alabama, United States, was selected for this study (figure 1). A United States Geological Survey stream gauge (02479945) is located at the outlet of the watershed. Mean annual precipitation in the watershed is about 1,648 mm (64.9 in). The land use in the watershed is mixed, with 47.8% evergreen forest, 27.2% rangeland grasses, 10.7% pasture, 10.4% forested wet- Soil and Water Assessment Tool. The stream flow data used in this study were simulated, after calibration and validation, using the Soil and Water Assessment Tool (SWAT) because observed flows were available only for nineteen years (1990 to 2008) of the entire fifty-nine year period (1950 to 2008) used for this study. An additional reason for using a hydrologic model was to simulate stream flows at locations other than the watershed outlet. The SWAT model is a watershed-scale, process-based, continuous simulation model and is capable of simulating landscape hydrologic and contaminant transport and transformation processes at a high spatial resolution (Santhi et al. 2006) . Major components of the model include weather, surface runoff, return flow, pond and reservoir storage, crop growth and irrigation, groundwater flow, reach routing, nutrient and pesticide loading, water transfer, soil temperature, erosion, and agricultural management practices (Santhi et al. 2006) . More detail on the SWAT model can be obtained from Neitsch et al. (2005) .
Data. The SWAT model requires topography, weather, land use, soil, and management data for the simulation of stream flow and water quality. Topography data were used to delineate the watershed, subwatershed, and hydrologic response units. Topography data in the form of a digital elevation model (DEM) at 30 m (98.4 ft) resolution were used to delineate the watershed, subwatersheds, and hydrologic response units. The land use/land cover dataset used was a 2001 National Land Cover Dataset, while the soils data was SSURGO (The Soil Survey and Geographic) data. These datasets were obtained from the Alabama State Water Program (ACES 2009). The management practices used for pastures and agricultural areas were bahia grass and peanut-cotton rotation, respectively. This selection was based on the statewide best management practice database prepared by Butler and Srivastava (2007) . Actual crop rotation in a watershed varies from year to year, and accurate crop rotation information is usually not available for modeling purposes for most watersheds. The precipitation data were obtained from the Mobile Airport station located approximately 16 km (10 mi) from the watershed. All other climatic inputs were generated internally by SWAT, using monthly climate statistics that are based on long-term weather records. Since all other weather stations were far from the watershed, true spatial variability of rainfall could not be captured in the simulations. Spatial variability of rainfall is important. However, especially for small watersheds, a lack of multiple weather stations to represent spatial variability of precipitation is a common problem for watershed modeling studies. Since NEXRAD precipitation data and Community Collaborative Rain, Hail, and Snow Network (CoCoRaHS) data are becoming more common in the United States, in the future, modeling studies will be able to better capture the spatial variability of precipitation.
Niño 3.4 El Niño Southern Oscillation Index. The ENSO data based on the Niño 3.4 index (Zubair 2003) were obtained for the period of 1950 to 2008, from the NOAA CPC. The Niño 3.4 index is the NOAA's official ENSO forecast index. The Niño 3.4 is the average sea surface temperature anomaly in the region, which is bounded by 5°N to 5°S latitude and from 170°W to 120°W longitudes. An El Niño or La Niña event is identified if the five-month running average of the Niño 3.4 index exceeds more than +0.5°C (+0.9°F) (for El Niño) or less than -0.5°C (-0.9°F) (for La Niña) for at least six consecutive months. Neutral is identified if the five-month running average of the Niño 3.4 index remains between +0.5°C (+0.9°F) to -0.5°C (-0.9°F). Based on the Niño 3.4 index, the NOAA CPC has classified each three-month running period from January 1950 to November 2008 as El Niño, Neutral or La Niña. The ENSO data were obtained from the NOAA CPC (NOAA n.d.). Since for this study, monthly ENSO classification was needed, the NOAA classification was used to prepare the monthly ENSO classifications. For example, if DJF (December-January-February) and JFM (January-February-March) are El Niño followed by FMA (February-March-April) as neutral, then December and January are considered El Niño and February is considered the beginning of neutral months. A similar procedure was used whenever a phase shift occurred. The effect of ENSO on precipitation, temperature, stream flow, and water withdrawal were analyzed based on these ENSO-classified months. The temperature and precipitation data were observed, while the stream flow and water withdrawal data were simulated using the SWAT model.
Criteria Used for Water Withdrawal. Water withdrawal for irrigation from streams in a watershed will lead to ecological impacts on streams. Hence, water withdrawal needs to be done in such a way that it leaves minimal impact on in-stream flows. This highlights the need for developing instream flow criteria. Although developing in-stream flow criteria for the sustainability of a stream have been much discussed, relatively little work has been done, especially in the United States, to develop numeric criteria. Since numeric in-stream flow criteria are generally not available for most of the watershed, criteria selected for this study (table 1) were borrowed from Richter et al. (2003) and USFWS and USEPA (1999) . These were the criteria agreed upon by the US Environmental Protection Agency and US Fish and Wildlife Service for the Appalachicola-Chattahoochee-Flint (ACF) River basin in Alabama, Florida, and Georgia. These criteria address intra-and interannual flow variability by specifying threshold limits for specific flow characteristics that should not be crossed (Richter et al. 2003) . "These guidelines represent an initial articulation of ecosystem flow requirements to support biodiversity in the basin and have enabled federal environmental agencies and others to assess the possible impact of any proposed water allocation formula on the ecological integrity of the ACF basin" (Richter et al. 2003) . Numerical values for the specified parameters should be calculated for specific locations using the detailed methodology presented in USFWS and USEPA (1999). These criteria are fairly comprehensive and ensure that not only low flows, but also average flows and high flows, are preserved. Since the ACF basin is close to the study watershed, the criteria developed for the ACF basin were used in this study.
Water Withdrawal Procedure. For this study, water was withdrawn from first-, sec- Table 1 List of criteria used for maintaining sustainable flows.
Flow parameter
Guidelines for maintaining flows ond-, and third-order streams to study a realistic water withdrawal scenario in which a farmer or a cooperative body extracts water from a stream. A closer look at the water withdrawal criteria (table 1) suggests that the criteria were developed to protect both high and low flows. Therefore, the criteria are especially sensitive to flows that drop below the 25th percentile and to flows that exceed the 95th percentile. This observation resulted in the following procedure for water withdrawal. The water was not withdrawn from the streams when the flow for the day dropped below the 25th percentile of daily flows for the entire study period. When the flow was greater than the 25th percentile but less than the 95th percentile, the water was withdrawn in such a way that the flow did not drop below the 25th percentile. When the flow was greater than the 95th percentile, about 20% of total daily flow was withdrawn from the streams. The restriction on water withdrawal from the flows that exceeded the 95th percentile was based on the practical pumping or diversion constraint. This procedure ensured that the water withdrawal criteria (table 1) were satisfied and the total yearly water withdrawals were maximized, thus optimizing the entire water withdrawal procedure. Water was withdrawn throughout the year.
While different crops have different water needs, in Alabama, the water required is about 457 mm (18 in) (about 4,570 m 3 for one irrigated ha area [3.7 ac ft]). Except for extreme drought years, this quantity of water is thought to be sufficient for most crops in Alabama (ACES 1994) . This amount of water withdrawal is based on the assumption that the withdrawal water will be stored in an off-stream, on-farm reservoir. In addition to meeting the irrigation requirement for most crops in Alabama, this amount of water is thought to be sufficient to meet evaporation losses from an on-farm reservoir.
Base Flow Separation. The SWAT model calculates base flow and surface runoff separately. Hence, for better calibration and validation of the model, it is necessary to separate observed stream flow into base flow and surface runoff. For this study, base flow was separated based on the method described by Lim et al. (2005) using the Web-based Hydrograph Analysis Tool (WHAT) program developed at Purdue University. The digital filter technique incorporated in the WHAT program was used for base flow separation. This method is based on signal analysis and processing that separates high frequency signals from low frequency signals (Lyne and Hollick 1979) . High frequency waves are associated with direct runoff, and low frequency waves are associated with base flow (Eckhardt 2005) . This technique has become common place (Lim et al. 2005 ) and has been found to reliably predict base flow (with r 2 of 0.83 between predicted and observed base flows) (Arnold and Allen 1999) .
Model Calibration and Validation. "The SWAT model was built with state-of-the-art components in an attempt to simulate the processes physically and realistically" (Santhi et al. 2001) . Nonetheless, similar to most current process-based watershed models, SWAT also has a number of empirical components that require calibration. For example, certain variables in SWAT, such as curve number and cover and management factor, are not fixed physically (Santhi et al. 2006) . Therefore, the SWAT model needs to be calibrated and validated with observed data before simulating for alternative scenarios.
For this study, the calibration was performed separately for surface runoff and base flow using monthly flows from 1990 to 2003, while the validation was performed using monthly flows from 2004 to 2008. The observed stream flow data were obtained from the United States Geological Survey gauging station located at the outlet of the watershed (figure 1). A number of parameters, including runoff curve number (CN2), the groundwater revap coefficient (GW_REVAP), the groundwater delay (GW_DELAY), the threshold depth of water in the shallow aquifer required for return flow to occur (GWQMN), aquifer percolation coefficient (RECHRG_DP), threshold water level in shallow aquifer for revap to occur (REVAPMN), and soil evaporation compensation coefficient (ESCO) were varied to match the model monthly surface runoff and base flow predictions with the observed surface runoff and base flows. Adjustment of these parameters (especially CN2) has been found necessary for calibration and validation of flow in many SWAT studies (e.g., see Green et al. 2006 and Srivastava et al. 2006) . The model performance was evaluated for both calibration and validation periods using two statistical measures, coefficient of determination (r 2 ) and Nash-Sutcliffe efficiency (ENS).
where O sim,i and O obs,i are simulated and observed flows, respectively, for the ith observation; N is the number of observations; and Ō sim and Ō obs are average simulated and observed flows, respectively, for the simulation period.
Nash-Sutcliffe efficiency (Nash and Sutcliffe 1970) is the measurement of how well the plot of observed and predicted values fit the 1:1 line. The r 2 value is a measure of strength of the relationship between observed and simulated values. A lower value for these statistical parameters suggests a poor prediction of the model, while a higher value suggests a good prediction of the model. A value of greater than 0.5 for these parameters is considered acceptable (Santhi et al. 2001) .
Relationship between El Niño Southern Oscillation and Temperature, Precipitation, Stream Flow, and Water Withdrawal. Based on the Niño 3.4 index, the first ENSO phases were classified by months as described above. Then, using the daily temperature and precipitation data from 1950 to 2008, for each month, mean daily temperatures were averaged over the month to generate mean monthly temperatures. The daily precipitations were summed for each month to generate monthly precipitation. These average monthly temperatures and monthly precipitations were then averaged by ENSO phases (i.e., El Niño, La Niña, and Neutral). To find the difference in temperature and precipitation between El Niño and La Niña events of a particular month, "percentage difference" was used. Percentage difference was calculated in different ways for temperature and precipitation. For each of the twelve months, temperature percentage difference was calculated by finding the difference between mean monthly temperature from La Niña months and mean monthly temperature from El Niño months and then dividing it by the mean monthly temperature of that particular month for the entire period.
where T m is temperature percentage difference, T denotes temperature, T denotes average temperature, and m denotes month.
To find out the percentage difference in precipitation, the same procedure was followed except that the difference was calculated by subtracting the monthly precipitation of the La Niña months from the monthly precipitation of the El Niño months.
where P m is precipitation percentage difference, P denotes precipitation, P denotes average precipitation, and m represents month.
Stream flow percentage difference and water withdrawal percentage difference were calculated following the procedure similar to precipitation percentage difference. An Analysis of Variance (ANOVA) was conducted using SAS Statistical Software (SAS Institute, Inc., Cary, North Carolina, United States) to determine if statistically significant 77 and an ENS of 0.69 for monthly base flows. This suggests that both surface runoff and base flows were adequately simulated by the SWAT model. Since both surface runoff and base flows were adequately simulated by the SWAT model, the r 2 and ENS of 0.67 and 0.55 for the total stream flow were also high for the calibration period. The graphical comparisons indicated no significant over-or under-prediction (figure 2) . Daily stream flows were also compared graphically and were found to be adequately simulated by the SWAT model ( figure 3) .
The SWAT-predicted monthly surface runoff and base flows for the validation period were also adequate. The statistical parameter values with an r 2 of 0.72 and an ENS of 0.52 for monthly surface runoff and an r 2 of 0.62 and an ENS of 0.53 for monthly base flows were acceptable. Since both surface runoff and base flows were adequately simulated by the SWAT model, the r 2 and ENS of 0.66 and 0.50 for the total stream flow were also high for the validation period. The graphical comparison indicated no significant over-prediction or under-prediction (figure 4). Daily flow predictions were also compared graphically and were found to be adequately simulated by the SWAT model (figure 5). Since daily stream flow predictions, which were used for determining the relationship between ENSO and stream flow, and ENSO and water withdrawal were good, the SWAT model was considered to be adequately describing the hydrology of the study watershed.
Relationship between El Niño Southern Oscillation and Temperature. Average monthly observed temperature data and ENSO phase data were used to determine the effect of ENSO on temperature. Since the ENSO phase generally begins from the end of the year, for the ease of understanding, all the figures were prepared beginning from the month of November. Mean daily temperature averaged over a month for El Niño and La Niña events and percentage differences in these temperatures for La Niña and El Niño months are shown in figure 6. Except for July and September, mean daily temperatures were higher for the La Niña months as compared to the El Niño months. This difference in temperature is more prominent in the winter months of December, January, February, and March, with La Niña Januaries being, on average, 22% warmer than El Niño Januaries (figure 6b). Comparisons among means using LSD (α = 0.10) showed that the months of January and February are significantly warmer during the La Niña episodes as compared to the El Niño episodes. This finding is consistent with other studies that suggest, that in southeast Alabama, La Niña winters tend to be warmer than El Niño winters (Ropelewski and Halpert 1986) .
Relationship between El Niño Southern Oscillation and Precipitation. Monthly precipitation was analyzed against monthly ENSO events. From the monthly precipitation for the entire analysis period (1950 to 2008) , average precipitation during El Niño, La Niña, and Neutral months was calculated for each calendar month. Except for December, from the months November to August, average precipitation during El Niño events was greater than average precipitation during La Niña events (figure 7). However, for the months September, October, and December, the effect of ENSO was the opposite (i.e., for these months less precipitation occurred during El Niño events than La Niña events). Percentage differences were calculated by subtracting La Niña precipitation from El Niño precipitation and then dividing it by average precipitation (for the entire analysis period) of that month. Percentage differences among El Niño and La Niña precipitation were found to be high for November, January, February, May, June, September, and October, with figure 8 ). This trend is similar to that observed for monthly precipitation. This was because of the strong relationship between precipitation and stream flow. Differences in La Niña, El Niño, and Neutral phases (not shown on figure 8) were significant (α = 0.10) during many more months than for temperature and precipitation alone. This is most likely due to the compound effect of temperature and precipitation on stream flows. This could also be because of the spatial and temporal integration of the noisy precipitation signal over the entire watershed into a single stream flow signal at the outlet, which has the effect of filtering out the high frequency noise in rainfall, amplifying the differences in stream flow. This finding was similar to the findings of Chiew et al. (1998) . For the winter months of December, January, and February, stream flows during El Niño episodes were significantly higher than during the La Niña episodes. Furthermore, stream flows during La Niña episodes were significantly lower than in the Neutral phase (not shown on figure 8) for December and February; El Niño stream flows were significantly higher than in the Neutral phase (not shown on figure 8) stream flows for the month of January. El Niño episodes during July also resulted in significantly higher stream flows. For the months of September and October, stream flows during La Niña episodes are higher than during El Niño episodes. This trend is similar to the precipitation trend. Overall, it can be said that El Niño winters provide higher stream flows; whereas, La Niña autumns provide higher stream flows.
Relationship between El Niño Southern Oscillation and Water Withdrawal. The amount of water that can be withdrawn from any order stream without disturbing the ecological integrity of the flow closely depends on the flow statistics of that stream (figure 8). Because the main goal of this paper was to use ENSO information to develop an ecologically sustainable surface water withdrawal prescription, we established the relationship To determine the effect of ENSO on water withdrawal from various-sized streams, water was also withdrawn from first-order (outlet of subbasin 1), second-order (outlets of subbasins 4, 8, and 13), and third-order (outlet of subbasin 17) streams (figure 1). However, because similar results were found for other size streams, to reduce redundancy, the difference in water withdrawal between El Niño and La Niña phases is presented at the watershed outlet (also outlet of subbasin 17) (figure 9). During November to August, El Niño months had higher water withdrawal as compared to La Niña months (with significantly higher in January), and for September and October (significantly higher in October), La Niña months gave more water than El Niño months (figure 9). Therefore, if El Niño occurs from November to August, more water can be withdrawn from the stream in these months than can be for La Niña occurrences during these months. This situation is opposite during early autumn months. During autumn, La Niña months produced more water in the streams to be withdrawn than El Niño did during these same months. Overall, based on this analysis, it can be recommended that if water needs to be withdrawn for a beneficial use, the following general rule can be applied. If La Niña occurs in September and October, it might be a good idea to withdraw more water in these months, just in case La Niña continues throughout the winter months. Occurrence of La Niña in winter months is quite common in Alabama. Since El Niño brings a lot of precipitation during much of the growing season, if El Niño is forecasted in winter, spring, and summer months, no contingency measure is needed. In fact, during the El Niño phase, it might be acceptable to withdraw water from streams even in the growing season, the period that generally sees low-flow conditions and during which the stream habitat and biota are vulnerable. Quite often, withdrawal during La Niña months in September and October would not be sufficient to supply water throughout the year. Therefore, it might be advisable to withdraw more water than needed during El Niño months, if they occur from November through August.
Ecologically Sustainable Surface Water Withdrawal. As mentioned earlier, the secondary objective of this study was to determine the percentage of the watershed that could be irrigated through ENSObased, ecologically sustainable surface water withdrawal. To accomplish this task, water was withdrawn from the outlet of one firstorder stream in subbasin 1; outlets of three second-order streams in subbasins 4, 8, and 13; and the outlet of a third-order stream in subbasin 17 (which also drains to the outlet of the watershed). Table 2 presents yearly maximum ecologically sustainable surface water withdrawal from the watershed outlet. It was found that ENSO-based, ecologically sustainable surface water withdrawal, on average, provides sufficient water to irrigate about 21.7% of the watershed. However, large yearto-year variability in the watershed area that can be irrigated was also observed. For example, the watershed area that can be irrigated in any given water year ranged from as high as 45.3% to as low as 1.8%. To see if these findings hold true for various-sized streams, the analysis was repeated for one first-order and three secondorder streams draining different drainage areas (figure 1) (table 3). Similar results were found for these streams as well. To remove redundancy, the data has been summarized in table 3. It was found that, on average, the percentage of subbasins that can be irrigated through ecologically sustainable surface water withdrawal was fairly consistent (about 20%) (table 3) . This finding is significant as it can be used as a rule of thumb in other watersheds in south Alabama that are affected by ENSO. Also, the year-to-year variability in the percentage of subbasin area that can be irrigated was also observed for varioussized streams (data not shown).
Summary and Conclusions
In this watershed, and most likely in much of south Alabama, El Niño months result in more precipitation than La Niña months in much of the year, except for the months of September and October. Correlation of stream flow with ENSO was more prominent than precipitation. This might be because of the combined effect of ENSO on temperature and precipitation. This could also be because of the spatial and temporal integration of the noisy precipitation signal Table 2 Yearly maximum water extraction from the third-order stream draining subbasin 17 (the watershed outlet). Percentage of watershed area that can be irrigated is also shown for each year. 
Month Legend
El Niño over the entire watershed into a single-stream flow signal at the outlet, which has the effect of filtering out the high frequency noise in rainfall, amplifying the differences in stream flow. Overall, it can be concluded that ENSO greatly affected precipitation, stream flow, and water withdrawal in the study watershed. Although more studies need to be done, for example, to quantify the variability resulting from the strength of the ENSO events, this finding can be easily extrapolated in much of southern Alabama because this region is affected by ENSO. It can also be concluded that, in general, if El Niño occurs between November and July, more than average water can be withdrawn for irrigation, even in summer months that generally see lower stream flows. If La Niña occurs in September and October, more than average withdrawal can occur in these months. However, La Niña episodes produce significantly less precipitation and consequently stream flow and water withdrawal as compared to El Niño episodes.
An analysis of the subbasin area that can be irrigated revealed that, on average, about 20% of the upland area above a withdrawal point can be irrigated through ENSO-based, ecologically sustainable surface water withdrawal. This finding was found to be true for one first-order, three second-order, and one third-order streams. However, since great year-to-year variability was observed in the area of the watershed that can be irrigated through ecologically sustainable surface water withdrawal, it is advisable to withdraw more water than needed when El Niño episodes occur between December and August. Overall, it was found that during prolonged La Niña episodes that extend in winter, spring, and summer months, withdrawn water would not be sufficient for irrigation. 
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